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Hard Probe In p+p

70 in RHIC is a good tool for gluon jet

Photon in p+p is a good probe for the
parton structure.
» Leading process
« Higher order
* Bremsstrahlung Process
Why RHIC?
— RHIC provides the highest energy as
p+p collisions.
* Very unique
 Less theoretical uncertainty

» As a basic for gluon spin measurement
in the future.

» A reference for d+Au and Au+Au.
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Why d+Au?

* Nuclear Effect d E706 pBe Collisions
- - - - - £ F .7 T 7 PRD70(2004)092009 " :
— Initial Parton Distribution PRI Y prodiction B p beams
- i ‘\ # pBe at 800 GeVi/c Ipbf(Gchc]EI
* kT %102% "w,.‘ a pBe at 530 GeV/c lnhf[Gerc]El ~
« (EMC effect) Bl Ny _
» (Shadowing, anti-shadowing) - L \ "
 (color glass condensate) el “‘ﬂ,_‘ > .
— Final Parton Interaction -
« Multiple Scattering )
« Jet Quenching o'k - NLOTheory |
=> Photon is less sensitive. B e = T—— P
3 <kT>={I.ZGeWc{SSDGEWCJ
- - FNAL-E706 concluded
PhO'[OI’] N d+AU IS a gOOd prObe fOF kT=~1.3GeV/c in pBe collisions

modification of initial distribution




VECENTRAL MAGNET |
N g

SOUTH MUGNJRY
MAGHET b

e 3.8km with 2 rings

— 120bunch/ring o]
— 106ns crossing time

° Maximumenergy 2 central Spectrometers | | 2 forward Spectrometers
_ fggigﬁﬁ,‘;‘l‘i’jﬁﬁ'ﬁ:ﬁfﬁ 3 detectors to measure the collision point, the

. Luminosity luminosity, and the multiplicity.
—  AU-AU - 2 X 102%cm-2s2 — Beam Beam Counter(BBC)
- p-p:2x10%cm2s2 — Zero Degree Calorimeter(ZDC)

* 6 Crossing points — Multiplicity and Vertex Detector(MVD)



/Lead Scintillator (Pbs&

— Sandwich type calorimeter
» Lead and scintillation plate
» Shish-kebab type readout

L —~—
JJ% PHTENIX

" Electro-M agnetic Calorimeter

/" Lead Glass (PbGl) )

— Total reflection calorimeter

PHENIX Detector

est cam View East

Coverage [n|<0.38 ¢ = 180°

Fine segmented calorimeter.

distinguish two photons from 0 photons
pT~25GeV/c




Run

01
02

03

04

05

Year

2000
2001/2002

2002/2003

2003/2004

2004/2005

History

Species sY2[GeV] [Ldt N, P-p Equivalent Data Size
Au+Au 130  1lub!  10M 0.04 pb? 3TB
Au+Au 200  24ubt  170M 1.0 pbt  10TB
| p+p 200 015pb! 37G  05pbl  20TB |
|d+Au 200 274nb! 556 11 pbt  467TB |
| pp 200 0.35 pbT 6.6G  0.35 pb? m
Au+Au 200 241ub!  15G 100 pb! 270 TB
Au+AU 62 oubl  58M  0.36pbl  10TB
[p+p 200 0.075pbl G  0.075pbt 3578 |
Cu+Cu 200 15.16 nb? G pb-? B
Cu+Cu 62 0.52nb-1 G pb-1 B
lp+p 200 3.8 pbt G 38pbl 260 TB |
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n® Production in p+p Collisions

Hadron production in hadron collisions (1+293+§)

Oy = ZJ‘dXideka x|f (%, 1) £, (Xj’:u)
i, ik

hadron 1 Cf: =
C

ave

J & (i ik, Os( LR ), Q2/ 1k, Q 2/ 1)

><Uik,j(pi’ P pk’as(/uR)’Qz/:uF ,QZ/,uF)

\

XDS(ZK’:UF)

fragmentation function(FF)

us=renormalization scale, u=factorization scale

« Parton distribution and fragmentation function were determined from mainly deep inelastic
scattering and lepton collisions.

» Several parameterizations of the PDF/FF have already existed.
—~ PDF:GRV, CTEQ, MRST FF: BKK, KKP, Kretzer &' JL—7

In this talk, we will compare our results with

NLO pQCD calculation.




n”'s in p+p: Data vs. pQCD

* Result from run2 result o 1F
— PRLY91 (2003) 241803 cﬂsj 10_1% PHENIX RHH.S, Pl"f?hmlﬂﬂlj’
e Result from run5 .“ié 1020 KKP FF (calc. by W.Vogelsang)
— preliminary o 10°E
« Comparison of n° cross section ??.'10*‘;—
— Next-to-leading order(NLO) pQCD e 4¢s
e CTEQ6M + KKP or Kretzer LLJ 105k
e Matrix calculation by Aversa, et. al. _?_E
« Renormalization and factorization scales 10
are set to be equal and set to 108
1/2pT’ P sz m_g: 9.7% scale uncertainty
1071°L is notincluded | |
« Calculated by W.Vogelsang ] -
S 1L
NLO-pQCD described very well 8 : /\\#\/
u - = -
down even to p; ~ 1 GeV/c ; - =
0 5 10 15 20

p (GeV/ic)
pr (GeVic) 9



\arious F.F. vs. OPAL(LEP2)
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[ ] [e)
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10 b | T ]
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10 P DATA NLO prertctions E
e hiased jets (BT) KKP
o biased jets (EQ)  ------- Kr
O g0 jets (OPAL prev.) - BFGW
-3
10 e

10
E.P.J. C37(2004)25-47 hep-ex/0404026  scale [GeV]

PHENIX =0 favors KKP.

OPAL results are closer to KKP
in the range for PHENIX =°.
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Direct Photon Production

Direct photon production consists of two processes

O =04ir T Oty = Zjdxidxj x|, (%, 42) fzj(xjuu)

o fragmentation function(FF)

X{Hi + —>y)+_[d20(i+ j > K)XD(z,, 1

}

|DIF€Ct Process | | Bremsstrahlung Process |

—=

P
o
C;J“-

Compton/Annihilation process

In this talk, we compare our result with next-to-leading
order(NLO) pQCD calculation
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How to Measure?

% Direct Process

5

/050%

7

% Bremsstrahlung Process

7 .
bremsstrahlung radiatio

lo
G

No one know which photon from what.

Background

Non-vertex Photon

Neutral hadron contribution
Noise in the detector
Hadron(n%n,®..) decay

’_.H
%

L/}\%gfgl‘on

Estimate all backgrounds

After subtracting all backgrounds,

the remained photons are the signals.
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Direct Photon In p+p

e PHENIX run3 preliminary result.
— Recent Update down to 3GeV/c
— Publication is coming soon.

 NLO-pQCD calculation

— Private communication with
W.Vogelsang

— CTEQ6M PDF.

— Sum of direct photon bremsstrhlung
photon
— 3 scales (1/2pT,1pT,2 pT)

e For renormalization scale
factorization scale

PQCD calculation can describe
our result very well.

102
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Comparison with pQCD

Aurenche et al Eur. Phys. JC9,10(1999)

g\ ° - O WA70 pp
2 B UAG pp
E 5 L A E706 pBe/800
S O UAS
Talk by Monique Werlen at - n
RHIC&AGS users meeting 2005 4 ¥ AFS pp
AA
5 [ 1
Phenix data clarifies T
the data/theory il |
pUZZIE " LT ElF élg NLL ACFGP
L + M=u=MF=pt/2
L CTEQ4M A=286 MeV
L frag BFG
0 OI | IO{BI - IOl._/'I - I0.8
X1
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Comparison with

® PHENIX-Run3 p+p {a=200GeV

—
:b i O RBO6 pap s=63GeV
% - B R110 p+p a=63GeV
]
o
— 10 iy A UAG p+ps=24 3GeV
% i . . ¥ NA24 p+ps=23.75GeV
5 ' {' f ¢ WATO pap (s=22 96GeV
5 » be * E704 p+p (s=19.4GeV
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® DO psps=1800GeV

EID O CDF pap {s=1800GeV

B UA2 pip (a=630GeV
UA1 p+p [s=630GeV
UA1 p+p ls=546GeV
UAG p+p s=24.3GeV
PHENIX-Run3 p+p Ja=200GeV

Systematic errors are not shown

10°

100 120
p+(GeV/c)

60 80

proton-antiproton collisions

16



X+ Scaling

e From QCD, if

Q?-Scaling of PDF,FF

No running coupling constant(o.,)

o =(s)" < F(x;)

n=constant, X;=2p,/\s
Can be express as two terms
* Interaction
e Structure
If leading order n=4
* Next-to-leading order: n=4+a

X;-Scaling n=~5
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p+p collisions {s=20-1800GeV

® DO p+p s=1800GeV
] CDF p+p s=1800GeV
B UA2 p+p [5=630GeV
O VA1 psp Js=630GeV
A UAT p4p s=546GeV
£ UAB p+p s=243GeV

p+p collisions Js=20-200GeV

¥ PHENIX-Run3 pp "==200GeV

& RBOG p+p Y==63GeV

* R110 psp 5=63GeV

& EFO6 pep Ye=38.7GeV

¥ E7D6 p+p ws=31.5GeV

- UAG pip =24 3GeV

* NA24 pap "B=23.75GeV
WATO p+p e=22 9%5GeV




Is Photon Isolated?

| ()Signal(irect

” (2)Signal(fragmentation) " (3)Background(hadron decay) |

compton + annihilation

#930%@10GeV #910%@10GeV #960%@10GeV

Isolation cut to R = \/AUZ +A¢® <0.5
reduce background E (R<0.5)<E, x0.1 AL
sum . 4 .

What the isolation cut 18




Isolated Photon/Direct Photon

Direct photon
Photon from n° : isolated photon / all

. 1solation / subtraction

PHENIX acceptance is not 14
enough to cover 0.5 cone.

1

PHENIX Preliminary

1N

0.5 0.8 .
0.6 :_ R LA + Direct photon
PHENIX arm - 111 '
An:O? 0.4_— & ; { %
Adp=m/2 . + I
0.2
E Photon from n°
0 B T T S T R T R TR TS

p:[GeVic]

Photons from =0 Is reduced by the isolation cut.
Direct photons are clearly isolated at high pT region.
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Isolation Cut vs. pQCD

|solation cut
0-1*Ey > Ec:one(R=0.5rad) 1.4

PHENIX Preliminary

By M.Werlen, 1.2
JETPHOX 1 I
'.35<y<.35 L I l
H:pT ﬂ.B_— %*I*{_F{l\%-(‘{"{-p{:- — ‘ |
BFG set2, CTEQ6M - |
0.6— A $ g + Direct photon
By W.Vogelsang, . :
R=0.4 0.4:_
u=pT, CTEQ6M -
0.2
u:||.l...l...I..|I...I...I...I...I.
0 2 4 6 8 10 12 14 16

] p[GeVic]
Although our systematic errors are huge,

PQCD predictions (with the PHENIX isolation cut)
can describe out data well.
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n’ in d+Au: Data vs. pQCD

* PHENIX run3 d+Au results = 5 teminfimum BEsdEAs
— PRL91(2003)072303 = A 5 =200 GeV
» Nuclear Modification Factor 210 F\e Ny
R, —9°N,/dp,diN, | 210k i
<Nco%ne|x|:d20_pp/dp_rdn] E A [ ] pp refr.
L Lo o 10 ¢ o —fittopp
< E"""I"'"I""I"""I"'""I"'"I""I"'""I""'I"": = 5
s ::2; @ neutral pions (data) E = 1'] E
1.4215_ H dl =10 f
.1 E___j i e AT __E :‘j ‘Iﬂ-ll
08f | =
06f [{ﬂ qﬂ: =10
0.4 ;_ Levai et al, NLO pQCD, Cronin + Shadowing § = -
02 T e e ] = 10 F
00—‘I-.:I-II.I2.-.IélI-.‘:I:II-:S.-IIél.-.;.ll-lal-llé..-lllo ’ -IIII|IIIIIIIIIIIIIIIIIIIlIIII|IIII|IIIIIIIIIIIIII

Kopeliovich et al., Phys. Rev. Lett. 88, 232303 (2002)

10
Pr (GeVic) 012345678 910

| evai et al., nucl-th/0306019
An NLO

(+ phenomenological model of Cronin-Effect + Shadowing)
can describe our results

PQCD calculation p; (GeV/c)
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n’ in d+Au: Centrality

3 2 5 2
- 020 % © 2040 % <k;>= 0.52 GeV?
15 1.5
1 1
» (]
: I, {. ;h i”ﬁ $ [
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N IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I I I I I N I IIIIIIIIIII I I I I I I I I I
12 356 789 1u11121314151s I EFEN N 1u111z1314151ﬁ
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3 2 5 2r
© 4060 % : " 60-88 %
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1% 1
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s . o " I R , ]
12345678 910111273141815 ) 1224 5678 910111213141516

p; (GeVic) p; (GeVic)



o

+- p+p PHENIX Preliminary

/c)
=

Direct Photon In d+AUz | §, Ei-ose
— 107 \\ ‘o d+Au PHENIX Preliminary
— Binary-Scaled NLO-pQCD

« PHENIX preliminary results

— More data with lower pT
region is under analysis.

 NLO pQCD Calculation
— p+p collisions
— Calculated by W.Vogelsang
— CTEQ6M 1070

— Scale(renormalization and
factorization scale) |
OS,lO,ZOpT ) Bands represent sytematic error

LELLLLLL L
— /
P
/4"?;
s

\A | CTEQ6M u=0.5p,p;,2p,
a

1/[27p, N, Jd°N/dp_dn (
c

—t
=
[1-]

(=]
TTT]

e In comparison with d+Au 2— ? g
— Auveraged number of collisions :i: , A
(8.42) from the Glauber model L. A

was multiplied to the 'ull

calculation.

Ratio to NLO-pQCD(u=p;) _

: | = ._l
Result is consistent with the binary — - E*j |
scaled NLO-pQCD calculation 6 8 10 12 e Svid e

o




Direct Photon 1n d+Au:
Nuclear Modification Factor

Nuclear modification factor compared with =0 results

< 2
o
1.8— ®
1.6—
1.4 1
1o
1.2— ' H L
1 S
|§-|—+II | —lﬂ.E _,J: + 1
0.8}— [§| --'.T ©
B I i A 0 M 55
0.6|— iy
®
04—
0ol —© d+Aur’
) —e— d+Au PHENIX Preliminary
0 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

p;(GeV/c)

Consistent with 1 = No modification within the error

This is consistent with what we measured in 7t°
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Conclusion

p+p collisions

— NLO pQCD calculation can describe PHENIX =° and direct photon.

 PHENIX =% measurement gave an baseline for gluon fragmentation part.

 For direct photon, an excess in low pT region (3-5GeV/c) is still under
investigation.

— Fit in XT scaling with other experiment

— PHENIX isolation cut confirmed the reduction of photons from =0.

« Efficiency of the PHENIX isolation cut is consistent with a theory prediction.
» Direct photon signal is isolated in high pT region.

d+Au collisions

— comparison with NLO-pQCD

7V result is consistent with the binary-scaled NLO-pQCD calculation + Cronin
effect + shadowing.

 Direct photon result is also consistent with the binary-scaled NLO-pQCD

calculation although the systematic and statistic errors are larger than that in .

— Result is consistent with 0
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